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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an org. 
electroluminescent element of high luminous efficiency 
and high effective life using a specific element 
comprising a substrate layer, a light transmission 
electrode layer, a functional optoelectronic layer, and 
a second electrode. 

SOLUTION: This org. electroluminescent element is 
equipped with a substrate layer 1 (a), a first light 
transmission electrode layer 2 (b), one or more 
functional optoelectronic layers (c) [a layer contg. one 
or more materials selected from the group consisting of 
one or more p-type org. materials 31 having one or more 
singlet states and one or more triplet states (described 
as singlet and triplet state hereunder) (1), luminous 
material 32 contg. one or more org. metal complexes 
comprising a rare earth metal ion in discharged state 
and an org. ligand in singlet and triplet state (2), and 
one or more n-type org. materials 33 in singlet and 
triplet state (3)], and a second electrode 4 (d), and 
the triplet condition of the lowest energy of the ligand 
is positioned in a lower level than the triplet state of 
the lowest energy of at least one of the n-type or 



p-type org. material and positioned In a higher 
than the rare earth metal ion in discharged state. 
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[57] ABSTRACT 

An organic electroluminescent component with a layer 
structure comprising 

a) a substrate layer, 

b) a first transparent electrode layer. 

c) onic or several functional optoelectronic laycr(s) with 
cl) possibly, one or several p-type organic materials 

with one or several singlet states and one or several 
triplet states, and 
c2) a luminescent material with one or several organo- 
metallic complexes of a rare earth metal ion with 
organic ligands, in whidi the rare earth metal ion has 
an emitting state and the c^ganic ligands have one or 
several singlet states and one or scvcrad triplet states, 
and 

c3) one cr several n-typc organic materials with one or 
several singlet states and one or several triplet states, 
and 

d) a second electrode, 

wherein the triplet state of lowest energy of the ligands is 
lower than the triplet states of lowest energy of the n-type 
and/or the p-type organic materials but higher than above the 
emitting state of the rare earth metal ion excels through a 
surprisingly increased luminous ef&cacy, and in addition has 
a very good thermal stability while it can be rdanufactured 
in a simple process. 

12 Claims, 2 Drawing Sheets 
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/^i>nAicTr FTirrTRmTJMINESCENT cffidcncy could be raised to approximately 4% (Nature. ^^^^ 

ORGANIC 365, p. 628), and the external quantum efficiency to 4.2% (J. 

COMPONtlNl AppL Phys. 72, 1957 (1992)). 

BACKGROUND OF THE INVENnON The low luminous effidcy of the known clectrolunaines- 

5 cent components with OTganic materials is also accompamed 

The invention relates to an organic elcctrolunnnescent ^ increased thermal load on the components owing to 

component, fOT example an electroluminescent diode (LED) ^^^^^ transport and non-radiating transitions, which 

for luminous signs, luminaires, soUd-staie image amplifien ^^stioys the components in the course of time. 
Off high infOTiation content displays and TV-displays. 

Prior-art LEDs are usuaUy semiconductor diodes, i.e. lo SUMMARY OF THE INVENTION 

diodes for whose construction inorganic semiconductors accordingly an object of the inventioD to p-ovide an 

such as doped zinc sulj^de, silicon, germanium, or m-V ^^^^^ electroluminescent component with electricaUy con- 

scmiconductOTS, for example InR GaAs. GaAlAs, GaP, or ^j^^^g organic materials and metallorganic complexes of 

GaN are used with suitable dopants. These semiconductor ^^^^ ^ luminous efficacy and a 

diodes con^c a p-doped crystal zone and an n-doped 15 ^^^^g 

crystal zone. In a typical embodiment, first an n-type basic p^ccor^z to tfie invention, this object is adiieved by 

crystal is made through suitable dopmg of flie senuconduc- an organic electroluminescent component with a 

tor.Anonly Ipmthickp-typezoneofhighdopmgleveUe. j^J^^^ ^^^sing 

a high hole density, is then grown thereon. a) a substrate layer 

This p-type layer is covered with a ^ 1 , f^, transparent electrode layer, provided on said 

the n-type layer with a normal metal electrode. When a b) ^^^^^ ^ ^ 

voltage is applied in the forward direction, electrons migrate f JtZTxLT u.y s 

fromthen-typeregionandholesfromthep-typcrcgioninto first electrode layer u^^„:^i^.Vwith 

L pn juncti^, where they recombine, i.e. the electrons fill c) one or several fiinrtionai <>P«<>^«*SS t 

iXLlesin^evalencyb^^ 25 ? ^^"^ ^^.^ °^t^^^ 

AerS^omWnationisradi^^ several singlet states and one or several trQ)lt^t sU^^^ 

SoT^ ttiTraLed Hght depends on theTeidconductor c2) a luminescent mater^ with oneor ^^^J^^J^^ 

colour 01 ^"^^ ^ lorganic complexes of a rare earth metal ion with 

used and Its dopant organic Hgands, in which the rare earth metal ion has 

Work has been gpmg on for several years on luminescent ^ an emitting state and the organic Ugands have one or 

radiation sources whose emitter matcna^ is ^^^^ ^ ^^eral singlet states and one or several triplet states, 

scmiconductCH- but an orgamc.electncaDy conducting mate- ^ 

riaL . c3) one or several n-typc organic materials with one ot 

Electroluminescent components with luminescing layers several singlet states and one or several triplet states, 
built up from organic materials are clearly supaior to light 

sources made from inorganic materials in some respects. An ^i^^^j^ the triplet state of lowest energy of the ligands is 

advantage is their easy mouldability and high elasticity, ^^^^ ^^^^ ^^^^ ^^^^ energy of the n-type 

which renders possible novel appHcations in e.g. lummous ^ organic materials but higher than the emitting 

signs and displays. These layers may readily be manufac- ^ ^^^^ 

tured as large-area, plane, and very thin layers fcff which, ^ ^ invention is based on die idea that it should be made 

moreover, little material is required. They also excel in their ^jgi^le to increase the luminous efficacy of organic elec- 

notablc tightness accompanied by a low cpcrating voltage. tjolumincscent components in that of the exdtons generated 

Furthermore, the colour of the emitted light can be varied ^ recombination of electrons and holes not only tiie 

over a wide region from ^)proximatcly 400 nm up to singed exdtons arc used for light generation, as in the jotot 
q^ximately 650 nm through the choice of the luminescent 45 ^rt but also the triplet exdtons. 

material. These colours have a striking luminance, ^ organic electroluminescent component according to 

Combinations of electrically conducting organic materials the invention accordingly cxcds througji a surprisingly 

with organometalUc conqwunds of rare earth metals have increased luminous ef&cacy. and in addition has a very good 

already been used f<M: luminescent radiation sources. An thermal stability whHe it can be manufactured by simple 
electroluminescent con^nent is known from U.S. Pat No. 50 processes. 

5128587. coirprising a layer structure of (a) a substrate ji is preferable wi&in the framework of the jH-csent 

which is transparent to visible light, (b) a first electrode invention when a p-type organic material and the lumines- 

which is transparent to visible Ught, (c) a p-type layer which cent material arc present in a first, homogeneous layer, and 

is transparent to visible light, (d) a luminescent layer which an n-type organic material is present in a second layer, while 
comprises mctaUcrganic complexes of the lanthanides. and 55 the lowest triplet state of the p-type organic material is lower 

(e) a second electrode. Hie jvtype layer may be an organic than that of the n-type OTganic matcriaL 

<K inorganic scmiconductOT of the p-type here, and the in such a Uyer structure with a multifunctional layer, 

crganometallic coni^lexes may be embedded in a membrane which comprises the p-type conductor and the lummescent 

which consists of compounds capable of fuming an addition material with the given relative levd of the energy states, the 

conplex with said metallorganic comjdex in the excited luminescence-generating processes have a particularly high 

state Such an electroluminescent con5)onent is character- effidency. 

ized by monochrome radiation. It may in addition be f^cferred that a p-type organic 

A disadvantage of the components mentioned above is material is contained in a fint layer and an n-type orgamc 

thefr low effidcy According to the published results of material and die luminescent material are contamed m a 

s^Zcd pow^ was converted into Hght in the first the n-type OTgamc material is lower than that of the p-type 

prototypes, while in die meantime the internal quantum orgamc matcriaL 
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This configuration also shows a very good luminous 
efficacy. 

It may also be preferred that a p-type organic rnatenal is 
present together with the luminescent material in a first 
homogenous layer, and an n-type organic material together 
with the luminescent material in a second homogenous 

This configuration has the highest efficacy for approxi- 
mately equal positions of the energy levels of the triplet 
states of the organic materials. In addition, a good mutual 
material matching in the layer structure is achieved thereby. 

An embodiment of the invention which is particularly 
easy to manufacture is that in which one or several p-type 
organic materials, the electroluminescent material, and one 
or several n-type organic materials are contained in one 
homogeneous layer, while the redox potentials of the n- and 
p-type materials arc greater than those of the electrolumi- 
nescent material(s). 

It may be preferable within the frainework of the present 
invention that one or several p-type organic materials, one or 
several n-type organic materials, and the luminescent mate- 
rial are each arranged in a sq)arate layer, while the layer with 
the luminescent material lies between the layer with tiie 
p-type organic material(s) and that with the n-type material 
(s). 

The properties of the three functional layers can be 
separately optimized in this embodiment The layer with the 
luminescent material may be made particulariy thin here, 
whereby &c external luminous efficacy is increased. 

The p-type organic materials may be a molecule-doped 
organic polymer, a semiconducting conjugated polymer, an 
intrinsically conducting organic polymer, or a p-type organic 
monomer, or a mixture thereof. 

A particularly preferred embodiment is characterized in 
that the p-type organic material is formed by tfie OTganic 
ligands of the rare earth metal ion. The recombination of 
positive and negative charge carriers takes place directly on 
the ligands in this embodiment An improved efficacy is 
obtained through ttiis direct energy transfer. 

The n-type oiganic niaterials may be a molecule-doped 
organic polymer, an intrinsically conducting organic 
polymer, or an n-type organic monomer, or a mixture 
thereof. 

In particular the molecule-doped organic polymers, botii 
the p-type and the n-type ones, allow for a separate optimi- 
zation of thermal and electrical properties. 

Layers with monomers have the advantage that they can 
be very readily manufactured because they can usually be 
provided in a vapour deposition process. 

It is in addition preferred that the ligands of the rare earth 
metal ions are chelating oxygen, suljAur, or nitrogen 
ligands. Such complexes wtcd through an intensive energy 
transfer and the possibility of generating pure colours. 

In a preferred embodiment of the <Mganic electrolumines- 
cent component the p-type organic material is poly(N- 
vinylcarbazolc), the con^)lcx of fee rare earth metal ion is 
europium(III)-phenantroline.-tri- 
thcnoyltrifluoroacetylacetonate(EuCHfa)3phcn), and the 
n-type material is 2-(4-bipheny lyl>5 -(phenyl)- 1,3 .4- 
oxadiazole (PBD). 

In another preferred embodiment the p-type cwganic 
material is poly(N-Vinylcarbazole), the complex of the rare 
earth metal ion is ierbium(in)-di-bipyrid)4tribenzoat)(Tb 
(benz)3bipy2). and the n-type organic material is 2.5- 
diphcnyl- 1 3 .4-oxadiazol (PPD). 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawing FIGS. 1-4 arc cross-sectional views of 
electroluminescent embodiments of the invention. 
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The invention will be explained in mare detail below with 
reference to drawings and examines. 

FIG- 1 shows the construction principle of an organic 
electroluminescent component according to the invention 
5 with two active optoelectronic layers. 

FIG. 2 shows another embodiment of the invention with 
two active optoelectronic layers. 

FIG. 3 shows a further embodiment of the invention with 
two active optoelectronic layers. 

FIG. 4 shows a further embodiment of the invention with 
three active optoelectronic layers. 

DETAILS DESCnUPnON OF THE 
INVENTION 

The organic electroluminescent component according to 
the invention comprises a layer structure with a substrate 
layer I. a first transparent electrode layer 2, one or several 
layers 3 possibly with a p-type organic material 31. wi& a 
20 luminescent material with one or several complexes of a rare 
earth metal ion with organic ligands 32, an n-type organic 
material 33, as well as a second electrode 4. 

A DC voltage is applied to the two electrodes during 
operation. Hie first electrode is at a positive potential 
25 (anode), die second at a negative potential (cathode). 

Usually, the optoelectronic intermediate layer 3 is formed 
by two separate layers few the p-type, i.e. hole-conducting 
material 31, and the n-lype, Le. electron-conducting material 
33. In this case, either the p-type layer, as in FIG. 2. or the 
30 n-type layer, as in FIG. 1. or both, as in FIG. 3, may in 
addition conqaisc the electroluminescent material 32 with 
one or several conc^dexes of a rare earth metal ion with 
organic ligands. 

In a further embodiment shown in FIG. 4, the three 
materials are arranged in three separate layers: hole 
conductor, luminescent layer, electron conducts. 

As the Figures show, a plate of light-transmitting material 
ahvays serves as the substrate 1, fcr exan^le a glass plate. 
The anode 2 is provided thereon as a thin film of a few 
hundreds nm thickness, which must also be light- 
transmitting. Then follow the p-type and then tht n-type 
layer, or the combined layer wkh p- and n-type material as 
well as the decttoluminescent laycL-' The Sicknesses of 
these layers lie between 10 and 100 nm. The organic 
electroluminescent component is can^)leted with die cath- 
ode 4. 

Suitable materials for the transparent anode, from whidi 
holes arc injected into fee p-type layer, are metals, metal 
oxides, or electrically conducting organic polymers with a 
hi^ work function for electrons. Examples arc thin, trans- 
parent layers of indium-doped tin Oxide (TTO), gold, or 
polyaniline. 

Molecule-doped wganic polymers, intrinsically conduc- 
tive (Xganic pdymcrs. Le, polymers whidi themselves are 
capable of conducting, or conductive organic mcmomers are 
used for the p-lypc layer. A condition is that the lowest triplet 
state of such a pdymcr or monomer is at a higher level than 
that of the ligands ctf the rare earth metal complex: T^^Ty . 
where T,'' is the lowest triplet state of (he p-type conducting 
organic polymer and T^^ is the lowest triplet state erf the 
ligand of the rare earth metal con5)lcx. 

An example of an intrinsically p-type conducting organic 
polymer is poly(N-vinylcart>a2ol) having a T/ of proxi- 
mately 23000 cm"^ 

Traditionally, organic polymers serve as insulators or 
coverings in the electrical and electronics industry because 
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of their usuaUy negUgible electrical conducUDce. In recent organic oxygen, sulphur, or nitrogen ^ 

toes howevL it has become possible to modify the metallicorganic complexes shoiild be undastood to mean 

ScUnwT^anicpolymersby'meansof dop^^^^ for the P^^.<>{^^ f^'^'^'^lTZiTLT^^Z 

toe inttodurtion rf exaSy defined impurities, so that they with said orgamc hgands in which &e bonds are achieved 

^T^aTas^nt conductorsrelectronic systems. 5 ^ia.the heterc.atoms. Dependmg on 

^ch dooed oreanic oolymers are. for example, polyacety- emitted light, several rare earth metal complexes may also 

fen? wrSrS.^uorideTiodi«.^Th^ be used. It is also possible to use rare^ °^^SS?v 

iS^^ave a metallic sheen. which cannot be subhmated or which are not eledncaUy 

Another class doped OTganic polymers are the so-caUed conductive. f„2* p.,>* 

mo1^1eKlopedpolj^0^DP)asdescribed.forexample. j„ ITic rarecaith^ • 

by P. M-BoKenbaBO and D.S.Weiss in "Orgamc Photo- Tb'*. Tm**. Dy^. Sm .orPr^. 

rcceptOTS for Imaging Systems". Marcel Dekker. New York The fluOTCScence colour whidi can be aducved with 

(1993) These are molecularly dispersed binary solid solu- europium and samarium complexes is red. witt terbium 

tions oif monomers, capable of transporting electric charges. coiiq)l«ics green, and with thulium and dyyrosium com- 

in inert, inactive polymer matrix molecules. , , plcxes blue. Particulaily suitable arc rare earth complexes of 

A highly suitable MDP material with p-typc conductivity the general composition SEfL J jILjln- SB here is a tnvileM 

pri«!aes^is the soUd solution of the p-type conductor rare earth cation is an anionic 

N.N^diphenyllNJ*'-bis(3-methylphenyl)-l.r-biphcnyl-4. monodcntatc or bidentate^^ and L, is a "^^l^Baj^^"^ 

i-^d^amkie ^D) as a dopant in a mktrix of polymethyl may be monodentate or bidentatc^n is chos« such that aU 

methacryla^orbisphenolA-polycarbonate. 20 '^'^°''T''"fVr77^J^r^^'>^X 

Poly(p-phenylene vinylenc) and its derivatives or poly 2° "canassumcmev,au«0. 1.2.3and4.L,i«^^^ 

(methyjhenyl silane) is also suitable for p-type layers tt.o different hgands. correspondmg formula for Eu is 

urtthfMit electroluminescent additives. In layers with clec- EufLiJ^lLjJn- . , , 

^fvSnSSrSSowever. their capabiUty of form- Hie beta-diketonalcs R.G(OH)GHCOR. ^ pamcuUriy 

ing non-radiating transitions from the T, state is disadvan- suitable for foiming thcUgandL,.•nler«^ R.^Ra'^y 

tageous « beanFjC— .thaioylQHjS— ,furanoylC4H30— .t-buQTl 

PossMe p-type organic monomers for use in the present and peifluoro-n-propyl C,F,. When R, « «'^<^3 «sts 
rosMuic yijy^ "15 « T p of the beta-dikctonate hexafluoracetyl acetonate (hfa) is 

invention are. for example, tnphenylaimne having a Ti M ' . f VHT „ _j t> ,^ » k,it«i r^^tc »hp heta 
approximately 24 500^-'. tritoluolamine having a of obtamcd. When R. and R, are^ t-butyl rcsU. O^f^ 
™3^telj24 000cm-'.andtriphenyldiaminehavinga ^ diketonate 2.2.6.6-tetramethyl-3.5-heptandion (thd) is 
^ o^imateS^ 18 000 cm-'.^o suitable are com- ^ obtained. When R, is a ttenoyl «st aijd is a CT^^^^ 

i>vl^c carnation: with G=Cyclohexylene.-{CHJ "ft^.-'U^ctone ^^^^y'^^'^l^-fj^^t^^ 
-and-(CF,>-withB^aJ.43.Thesci>typc conductors have obtamcd. When R^ is a fm^noyl rest and R, is 

-^ple.\i?hT,ofap^^.y2S>.an-^ . ^ZX^^^'^^^TZtr^ 

IntrinsicaUy conducting CTgmcmonoma^ jj ^ ^le beta-diketone 7.7-dim^yl-1.1.1.22JJ- 

or polymers provid«l with molecular dopan^are^^ L3„S.6^dion (FOD) is obtained. A further beu- 

for the n-type conductmg layer. Intrinsically conducting J^^^ ^ ^ 3-(trilluoTomethyl 

aganic monomers suitable for the electron-transportmg diietone " J^^^^ 

layer are 3.4.9.10-peiylcne-tetracaiboxy-bis-bcnamida2ol, hydroxymethyle^)-lK:amphor. , 

SZbSienXl)S^-butylphenyl)-13.4-oxadoiazole ^ Particulaily efficient cJielahng a,mplexes ofrare earfts 

(butSo) 2K4-b^^^^ have UgandsL^wUch arc anions of aronubc carbomcaads 

ffiV2g a T'/of ap^ixiiLely 20 500 an->. or sudi as benzoic add. picolinu: acrf and dii„col^^ 

2J-diphenyl 1 J.4-^xadizole (PPD) having a T'„ of The ligands are neutnd ligands which may be mono- 

aooroxiinatelv 23 500 cm"', and 8-hydroxyquinolinc- dentate or multidentate. The monOdentate bgands may be 

methacrylate doped .ith ^^^^S 

■■S'm^^C'SL^^;.erswhichmaybe Suitable ^^.del^HgLds^^^^^^^ 
usedaccordingtothe^ntionarefonncd.forexample.by 50 2"t«Py"«»ine l-^??'^.''""^';^?^ ^JN^ 
polymelhyli«Jthacrylatea'MMA).polystyrol.orbisphenol tetnuncthylethylcne diamme and derivatives fl«rcof 
A-polycarbonate for the matrix with a doping of oxadiazols Hie concentration of the above rare earth metal com- 
sulh as 2-(4-biphenylyl)-5-(tert.-butylphenyl)-1.3.4- plexes should not exceed 20 mole % so as not to influence 
oxadiazol (butyl-PBD) (T,=20 500 cm"^) and 2J)-diphenyl- the transport properties of the conductive organic po^ymcK. 
13 4-oxadiazol (PPD) (Ti=23 400 cm"'), or triazols sudi as 55 for the rare earfli metal CQ^^)ounds are mostly msulators. 
3 4 5-phenyl- 1.2.4-triazol and 3-{4'-t-butylphcnol)-4- It is also possible to use ligands whidi tiiemselves have 
phenyl-5-(4"-biphcnyl)-12.4-lriazoL transport {Hopcrties. Sudi ligands are. for exanq)le. the 

If only one organic layer is used. Le. the jvtype and n-type carboxylic adds of diphcnylamine or tr^eoylamine. sudi 
oreanicpolymen or monomen, as applicable, arc arranged as diphenylamine.2K»boxylic aad or^diphenylamine-2^- 
in a joint homogeneous layer, molecule-doped polymers a dicarboxyUc add. as wdl as phenantrohn(phen). bipjmdine 
may be used, f or «tamplc. doped with p-type substances and (bipy) and teipyridinc. Complexes with these ligands are 
with n-type substances. An advantogeons combination is p-typc conductors. 

fliat of butyl-PBD in polymefliyl methacryJatc. polystyrol. or Metals with a low work function arc used as matmals for 
KsphenolA-polycarbonate. wifli o&er materials such as the cathode because elections must be injected into ttie 
triphcnylamine. triphenyldiamine. or tritoluolamine. 65 n-type layer froin die cathode. Sudi metals arc ahuninium. 

The dectroluminescent material is one or comprises sev- magnesium, and of magnesium with sflver or indium, and 
cral mctalliccrganic conqilexes of rare carA metals with caldum. 
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carriers rccombinc. When both the singlet state and the 
triplet state arc energetically achievable, singlet and triplet 
exdtons in the ratio 13 are thus generated- which subse- 
quently can diffuse a certain distance through the material. 
The exdtons give their energy and their spin to electrolu- 
minescent emitter molecules of low energy level These 
exdted molecules then either pcrfonn a radiant transition 
into the basic sUte, whereby the desired luminescent quan- 
tum is emitted, or they lose the energy in a non-radiating 
transition, so that this excitation energy is lost for the 
luminescent efficacy. 

The total cffidency of such an electroluminescent com- 
ponent according to Ae pricy art is composed of the 
ef&dency with whirfi the injected charge earners recombine, 
and (t>^, Ae probability with which the generated exdtons 
will cause a radiating transition. 

The tc^ effidency of material combinations for elec- 
troluminescent con^nents according to the prior art is thus 
^^^025^^ The facto- 0.25 here serves to take into 
account the production frequency of the singlet exdtons. 

The thcorcctical upper limit for the luminous efficacy in 
|Mior art crganic USDs is therefore 25%. provided both Ae 
recombination and also the radiating decay of the cxcitons 
take place with a probability factor 1. The upper limit for 
prior art LEDs is based on the fact tiiat only singlet exdtons 
are capable of causing permitted, radiating transitions. 

According to the invention, however, the triplet exdtons 
arc also utilized in that the possibility of energy transfer 
from the generated triplet states to the rare earth metal ion 
is created. 

For this purpose, the n- or p-type cyganic monomers or 
polymers arc coupled to an electroluminescent material 
(emitter) which cc«B|»ises organometallic con^lcxcs of the 
rare earth metals with low-level emission stales. Tlic lowest 
released dunng me recomouiauua. i^wu^j, - emission level of the rare earth mrtal ion then lies so far 

involve the lowest-levd excited singlet state and the 35 below tiie single and trii^et states of the organic ligands that 
lowest-level triplet state T^, which in organic substances thermally activated back transfer of activation can take 

usuaUy lies below Sj. place. In these rare earth metal complexes, not only the 

These excited states are not localized at single molecules, normal singlet-singlet transitions but also the energy transfer 
but they may be exchanged between adjoining molecules the lowest tr^let state of the organic ligand to the 

and thus diffuse trough the material over a few hundreds of 40 emission level of the central rare earth metal ion is pcnnit- 



The p- and n-type layers may be provided from a solution, 
vapour-deposited, or polymerized in situ. 

The rare earth metal conqilcxes may be deposited by 
sublimation, if they allow themselves to be evaporated, 
possibly joinUy with the electrically conductive organic 
monoiners. 

If they are to be provided together with an electrically 
conductive organic polymer, it is necessary to dissolve the 
two components in a common solvent ot solvent mixture so 
as to form a single coating solution. 

A better efficacy for the conversion ctf the dectrical input 
power into light is achieved with the above material com- 
binations according to the invention. Hiis conversion starts 
when the voltage applied across the functional intermediate 
layers has exceeded a given threshold value. Then the 
positive charge carriers. i.e. holes, are injected from the 
anode into the adjoining layer. Similarly, negative charge 
carriers, i.e. electrons, are injected from the cathode. The 
recombination of holes and dectrons takes place in a more 

less narrow zone at the interface between the p-type and 
n-type conducting layers. The energy E^rdeascd upon the 
recombination is: 

where I is the molecular ionization energy of, the hole 
conductor, A the molecular dectron aflSnity erf the dectron 
conductor, P+ and P, the polarization energies of tiic hole 
and the dectron, respectively, which may be regarded as 
approximately equaL 

Owing to this recombination, dectricaliy neutral cxata- 
tion states of the wganic molecules are occupied when their 
excitation energy is equal to or smaller than the energy 
released during the recombination. Normally, these states 
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molecule layers. These movable exdted states arc called 
exdtons. There are singlet and tr^>let exdtons. c«xespond- 
ing to the relevant energy levels inv(dved. Singlet excilons 
arise when the spins of electro and hole were antiparallel, 
triplet exdtons when these were paralld. In the case in 
which both the and Ae T^ levd are energetically 
achievable, the number of triplet exdtons will be three times 
the number of singjet exdtons for multiplidty reasons. 

In the dcctroluminescent components according to the 
prior art, a light quantum only arises upon the transition of 
a molecule from the singlet state to the state ground. The 
radiant transition from the triplet levd T^ to the state ground 
is forbidden. For this reason ttic life of the excited Ti state 
is very long, so that &cn competing, non^adiating transi 
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ted. 

This additional permitted energy transfer renders it pos- 
sible now to utilize the ti^let exdtons for the light gencxa- 
tion. A condition f ca: this is the correct positions of the triplet 
states of the various materials relative to one another. It is 
not the absolute values of the energy states, but their rclatiye 
positions which are important for the cbdce of the mataial 
combinations acceding to the invention. The triplet state 
\^di is occiq)ied through recombination of dectron and 
hole must lie above the trii^et state of the Kgand, because 
otherwise no energy transfer to the ligands is possible. When 
these conditions are fulfilled, however, tfie molecules of the 
rare earth metal comi^cx act as traps for the triplet exdtons 
which here are converted into visible light. The quantum 



is very long, so mai men compcang, ikiu-i««i»u^"6 wmcn ncrc arc convaiw miu via^/iv . ^ 

tions gradually cn^ thcT^ state, v/hexdby theimal energy 55 effidency of these transitions may be very high, fw example, 
. ifict. in th*- rase of Eu fttfalohen and 



is released. 

The radiant transitions from the Ti state into the basic 
state, which are forbidden per se, can only be observed in 4e 
form <rf pbosphOTCScence at very low temperatures, e.g at 
the temperature of liquid nitrogen. 

The organic LEDs accOTding to the priOT art utilized the 
singlet stales only and accordingly have a low efficacy. In the 
known organic LEDs, the holes and dectrons injected into 
the boundary surface of the dectrode arc transported up to 
the nransition between p-type and n-type material As in the 
dectroluminesccnt components according to the invention, 
a strong space charge accumulates here and the charge 
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it Hes at almost 70% in the case of Eu (ttfa),phen and 

Tb(ben2)3bipy2. 

The total efficiency of the material combinatioas accord- 
ing to the invention may thus be written as: 

The first term relates to the contribution from the singlet 
exdtons. The second term gives the contribution from the 
triplet exdtons whidi is also used according to the inven- 
65 tion. 

When the electroluminescent conq)onent accordmg to the 
invention is composed of two separate layers f the p- and 
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n-type polymcxs. and the first excited triplet state of the 
material of one layer Ucs lower than that in the other layer, 
the triplet excitons will fsreferably diffuse into tiiis latter 
layer with triplet states of lower energy level. This holds as 
weU for the singlet excitons. Only the relevant rare earth 
metal complexes introduced into this layer can act as tr^s 
for the cxcitons and convert the electrical input energy into 
photons. According to &e invention, the rare earth metal 
con^lex must be added to at least one of the organic layers. 
i.e. to that layer whose state lies at the lower level. 

Various constcllaUons are accordingly possible for the 
manufacture of the organic electroluminescent components 
according to the invention so as to achieve an eflfectivc 
arrangement of the p- and n-type layers and the electrolu- 
minescent layer. 

FIG. 1: Ti'^T/: the triplet exdtons diflfuse mainly into 
the n-type layer, so that the latter must contain fte rare earth 
metal complexes as exciton traps. Thus we have 
Ti">Ti^erc. 

FIG. 2; Ti^<Ti'*: the trqjlet exdtons diffuse mainly into 
the p-type layer, so that the latter must contain the rare earth 
metal complexes as the exdton traps. Thus we have 
Tx''>Ti^cre. 

FIG. 3: T/=Ti": the triplet exdtons diffuse both into the 
p^typc and into the n-type layer, so Aat both miist contam 
the rare earth metal complexes as the exciton traps. In this 

casc:Ti'=^Ti^andTi'*>TA 

The exact positions of the singlet triplet, or ennttmg 
states are derived from the absorption spectra or the phos- 
phorescence spectra of the rdeyant compounds. 

EXAMPLE 1 

The fpUowing mixture is applied to an ITO-coated glass 
substrate by spinning at approx. 70 rpm: 
1 ml PVK as a 2% sdution in dilorobenzene; 
1 ml PBD as a 1% solution in dilorobenzene; 
0.1 ml Eu(ttfa)3iAen as a 1% solution in chlorobenzene. 

Layer thickness after drying is approx. 100 nm. Calcium 
dcctrodes, 20 nm thick, are then vapour-deposited at 10 
mbar and covered with 200 nm thick aluminium. When the 
positive pole of a voltage source is connected to the rrO and 
the negative pole to the caldum, a bright red luminescence 
appears from 14 V upwards, consisting soldy (rf the char- 
acteristic europium lines. 

EXAMPLE2 

The following mixture is applied to an ITO-coated glass 
substrate by spinning at approx. 70 rpm: 
1 ml PVK as a 2% solution in chlorobenzene; 
1 ml PBD as a 1% solution in chlorobenzene; 
0.1 ml Tb(benz)3hipy2 as a 1% solution in dimethyl forraa- 

mide. 

Layer thickness after drying is ^>prox. 100 nm. Calciuin 
dectrodes, 20 nm thick, are then vapour-deposited at 10" 
mbar and covered with 200 nm thick aluminium. When the 
positive pole of a voltage source is connected to the ITO and 
the negative pole to the caldum, a bright green lumines- 
cence appears from 14 V upwards, consisting solely of the 
diaractcristic terbium lines. 

EXAMPLES 

Layers are vapour-deposited on an TTOcoated glass sub- 
strate in the following sequence at approx. 10 ^ mbar: 
TPD to a layer thickness of 50 nm, as a hole conductor; 
Eu(ttfa)3phcn as the luminescent material; 
Alq3 as an electron conductor; 
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caldum. 20 nm. and aluminium. 200 nm- as the electrode. 

When the positive pole of a voltage source is connected 
to the rrO and the negative pole to the caldum. a bright red 
luminescence appears from 7 V upwards, consisting solely 
5 of the characteristic europium lines. 

EXAMPLE 4 

Layers are vapour-dqx>sited on an ITO-coated glass sub- 
strate in the following sequence at a^rox. 10"^ mbar: 
^° TPD to a layer thickness of 50 nm, as a hde conductor; 
Eu(ttfa)3phcn with bu-PBD mixed in a ratio of 1:25, to a 

layer thickness of 50 nm, as the luminescent material; 
Alq^ to a layer thickness of 35 nm as an electron cooductor. 
caldum, 20 nm. and aluminium- 200 nm. as the dectrode. 

When the positive pole of a voltage source is connected 
to the rrO and the negative pole to the calciurau a bright red 
luminescence appears from 7 V upwards, consisting solely 
of the characteristic europium lines. 

20 EXAMPLES 

Layers are vapour-deposited on an ITO-coated glass sub- 
strate in the following sequence at approx. 10"' mbar: 
TPD to a layer thidmess of 50 nm, as a hole conductor; 
25 Eu(ftfa)^en to a layer thidmess of 30 nm as the lumines- 
cent material; 

Alqa to a layer thickness of 30 nm as an electron con- 
ductor; calduHL 20 nm. and aluminium. 200 nm, as the 
electrode. 

30 When the poative pole of a voltage source is connected 
to the irO and the negative pole to the caldum, a bright red 
luminescence appears from approx. 13 V upwards, consist- 
ing solely of the charactoistic europium lines. 

35 EXAMPLE 6 

Layers are vapour-deposited on an ITO-ooated glass sub- 
strate in the following sequence at approx, 10"^ mbar: 
TPD 50 nm, as a hole conductor, 

^ Eu(thd)3phen*30 nm, as the luminescent material; 
Alq^SO nm, as an dectron conductor; 
caldmn, 20 mtu and aluminium, 200 nm. 

When the positive pole of a voltage source is cormected 
to the irO and the negative pole to the caldum, a bri^t 
green luminescence of the Alqj initially appears from 7 V 

^ upwards, dianging after a few minutes into a Wght red 
luminescence consisting solely of the characteristic 
europium lines. 

Example for Comparison 

50 

The following mixture is applied to an ITO-coated glass 
substrate by spiiming at appiox. 70 rpm: 
1 ml PVK as a 2% solution in chlorobenzaie; 
1 ml PBD as a 1% solution in chlorobenzene; 
55 0.1 ml Tb(bcn2)3bq)y2 as a 1% solution in dimethyl forma- 
mide. . 

Layer thickness after drying is ^prox. 100 nm. Caldum 
electrodes, 20 nm thick, are then vapour-deposited at 10"^ 
mbar and covered with 200 nm thick al um in i u m. 
60 When the positive pole of a voltage source is connected 
to the ITO and the negative pole to the caldurau a very weak 
bluish luminescence appears from 18 V upwards, consisting 
of a wide basic region with superimposed weak lines char- 
acteristic of terbium. 

65 We claim: « 

1. An organic electroluminescent component with a layer j 

structure con^>rising 
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a) a substrate layer, 

b) a first transparent electrode layer deposited atop said 
substrate layer 

c) one or several functional optoelectronic layer(s) depos- 
ited atop said first electrode layer and comprising. 

cl) one or several p-typc organic materials with one or 
several single states and one or several triplet states. 

c2) a luminescent material with one or several organo- 
mclallic complexes of a rare earth , metal ion with 
organic ligands. in which the rare earth taetal ion has an 
emitting state and the oiganic ligands have one or 
several single states and one or several triplet states* 
and 

c3) one or several n-typc organic materials with one cx 
several single states and one or several triplet states, 
and wherein the triplet state of lowest energy of the 
ligands is lower than the triplet states of lowest energy 
of any of the n-type and the p-type organic materials 
but higher than above tiie emitting state of the rare earth 
metal ion. and e a second electrode layer deposited atop 
said optodectronic layer (s). 

2. An organic electroluminescent component as claimed 
in claim 1. characterized in that said one or several p-type 
organic material and said luminescent material arc present in 
a first, homogeneous layer, and said one or several n-type 
organic material is present in a second layer, whUc the 
lowest trijdet state of the p-type organic material is lower 
than that of the n-type organic materiaL 

3. An organic electroluminescent component as claimed 
in claim 1, characterized in that said one ot several p-type 
organic material is contained in a first layer and said one or 
several n-type organic material and said luminescent mate- 
rial are contained in a second, honiogeneous layer, while the 
lo\yest triplet state of the n-type organic material is lower 
than that of the p-type organic material 

4. An organic electroluminescent component as claimed 
in claim 1, characterized in that said one on several p-type 
organic material is present together with said luminescent 
material in a first homogenous layer, and said one on several 
n-type organic material together wiA said limiinescent mate- 
rial are i n a second homogenous Layer. 

5rAn'"Sganic electroluminescent con^)onent as claimed 
in daim 1, characterized in that said one or several p-type 
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organic materials, the electroluminescent material, and said 
one or several n-typc organic materials are contained in one 
homogeneous layer, while the redox potentials of the n- and 
p-type materials are greater than those of the electrolumi- 
5 [nescent material(s). j 

6. An organic electroluminescent component as claimed 
in claim 1, diaractcrizcd in that one or several p-type organic 
materials, one or several n-type organic materials, and the 
luminescent material are each arranged in a separate layer, 
while the layer with the luminescent material lies between 
the layer widi the p-type organic material(s) and that with 
the n-type material{s). 

7. An organic electroluminescent component as claimed 
J J in daim 1. characterized in that the p-type organic materials 

are a molecule-doped organic polymer, a semiconducting 
conjugated polymer, an intrinsically conducting organic 
polymer, or a p-typc organic monomer, or a mixture thereof. 

8. An organic electroluminescent component as claimed 
20 in claim 1, charactrazed in that Ae p-typc organic material 

is fctfmed by the organic ligands of the rare earth metal ioiL 

9. An organic dectroluminescent con^nent as claimed 
in daim 1, characterized in that tbc n-type organic materials 
are a molecule-doped organic polymer, an intrinsically con- 

25 ducting organic polymer, or an n-type organic monomer, or 
a mixture thereof. 

10. An organic electroluminescent coii^x>iient as claimed 
in ci£iim 1, diaractcrized in that the ligands of Ae rare earth 
metal ions arc chelating oxygen, sulphur, or nitrogen 

30 ligands. 

11. An organic electroluminescent con^x>nent as claimed 
in claim 1. characterized in that the p-typc organic material 
is poly(vinylcarbazol). the coit^lcx of the rare earth metal 
ion is europium(III)-phenanthrolinc-tri-thenoyltrifluoro- 

35 acetylacctonate and the n-typc material is 2-(4-biphenyUyl) 
-5-(tertbutyiiAenyl>l Jt.4-oxadiazol PBD. 

12. An organic electroluminescent component as claimed 
in claim 1. characterized in that Iht p-type organic material 
is poly(N-vinylcarbazol) the complex of the rare earth metal 

40 ion is tcibiuni(III)-di-Hpyridyl-tribenzoat Tb Gbenz)3bipy2. 
and the n-type organic material is 2J-diphenyl-13,4- 
oxadiazole. 

* * ♦ * ♦ ■ . 



